Treating people with ill health is a major problem in developed and underdeveloped countries. Most of these countries allocate a considerable portion of their budgets to ensuring that their citizens are healthy. However, countries remain unable to meet the demand for ideal medical services of their citizens because of the shortage of medical expertise in various hospitals. Medical diagnosis systems have been widely applied to diagnosing the symptoms of diseases such as cancer and diabetes. However, the analysis tools and methods are insufficient for identifying hidden relationships in the symptoms of coronary heart disease (CHD). Consequently, the ratio of people who suffer from this disease is growing rapidly; 12 million deaths each year are attributed to CHD. Meanwhile, the complex interdependency on various symptoms of this ailment indicates the difficulties in diagnosing CHD at an early stage. Furthermore, the diagnosis of CHD is a complex task that requires precision and effectiveness. Doctors do not have adequate time to devote to each case and encounter difficulties in keeping abreast of the newest application developments. Many alternative methods have been suggested for medical diagnosis in the healthcare domain. However, evaluating the functionality of CHD diagnosis systems remains challenging. Therefore, this study aims to develop a system that diagnoses CHD via fuzzy logic and evaluate the functionality of the proposed diagnostic CHD system. This study contributes to the healthcare domain as the developed system can assist doctors in accurately diagnosing when CHD symptoms have an ambiguous relationship. Therefore, the developed system will decrease doctors' workloads during consultations.
INTRODUCTION
At present, the use of traditional methods of collecting information from patients at medical centres is slowly decreasing. Meanwhile, the use of computer technology in the fields of medical diagnosis and treatment is significantly increasing [1] . In addition, data sizes are gradually increasing. Addressing these large amounts of data is a challenging task [2] . A regular database is based on Boolean logic, in which the information is either completely true or completely false [3] . Thus, the development of artificial intelligence methodology has been recognised as an important requirement in complex problem-solving situations. Medical diagnosis is a particularly effective example because of the complexity of the human mind and body, which results in a limited and vague knowledge of their functions [4] .
Furthermore, medical diagnosis is a process of defining disease or explaining disorders with respect to symptoms and signs [5] . Diagnosis in the medical context is frequently regarded as implicit. The appropriate data for diagnosis are primarily obtained from the medical history and a physical examination of a patient. Medical diagnosis is a complex task that requires precise and effective work. In addition, addressing ambiguous information in classical database management systems is challenging. Finding convenient approaches for storing and managing human perception-based data, which is often vague and uncertain, is important in regular database systems [2] . Technology helps address problems of data inaccuracy, redundancy and loss. Furthermore, technology improves data retrieval speed [3] . Technology also helps in identifying various diseases via medical diagnosis.
According to the World Health Organization [2] , 12 million deaths occur annually due to heart disease. This ailment is the primary cause of death of adults. In the United States, 50% of deaths occur due to heart disease, one person dies every 34 seconds due to this health condition. Similarly, in other developed Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. countries, heart disease is one of the main causes behind death in adults [2] . Malaysia's Ministry of Health statistics reports indicate that in 2008, over 16.5% of deaths in hospitals were caused by heart disease. The reports estimated that approximately 23 million people might die from this condition in 2030. Children in the womb may also suffer from this ailment [6] . To decrease the mortality rate of heart disease, medical practitioners must diagnose it at an early stage.
An ambiguous data management experience in a database is important in storing ambiguous data and avoiding missing ambiguous information in the database. Ignoring ambiguous data management results in the risk of losing important information, which may be beneficial for some applications. A database that supports ambiguous, imprecise and uncertain information is called a fuzzy database and based on fuzzy logic and fuzzy set theory, which was introduced by Zadeh in the mid-1960s [7] . Fuzzy logic, which refers to a group of many-valued logic, is used to solve miscellaneous challenges, including clinical diagnostics. Fuzzy logic focuses on approximate values in place of fixed and accurate values [2] .
According to Zadeh [7] , fuzzy logic is an expansion of classical logic, which is based on Boolean logic. A variable in fuzzy logic can use an accurate value between 0 and 1 rather than using true or false in traditional binary sets. Furthermore, fuzzy logic delivers a method to make exact decisions on the basis of imprecise and ambiguous input data. Generally, fuzzy logic is used for applications in control systems because it closely resembles how a human makes decisions but in a faster manner [3] .
RELATED WORK
Healthcare issues are a major concern. Thus, researchers have conducted many studies to propose a system especially related to diagnosing heart disease.
Lavanya et al. [8] designed a fuzzy rule-based inference system for the detection and diagnosis of lung cancer. The dataset was derived from domain experts and referred to symptoms, stages and treatment facilities to provide a proficient and simple method for diagnosing lung cancer. Five variables were selected, namely, weight loss, shortness of breath, chest pain, persistent cough and blood in sputum. The diagnosis system was implemented via the software JADE and MATLAB.
Kadhim et al. [9] emphasised the design and implementation of a fuzzy expert system for back pain diagnosis. The rules were established by experts, and the decision sequence was illustrated by a decision tree. This system was developed using Visual Prolog 7.1. The variables used as input for this fuzzy expert system were body mass index, age, gender and clinical observation symptoms.
Neshat et al. [10] implemented a fuzzy expert system for diagnosing liver disorders. The authors studied two cases, namely, people with healthy livers and those with unhealthy livers, and determined disease risk intensity measure. The fuzzy inference system was developed in MATLAB. These approaches are developed systems that use fuzzy logic in diagnosing disease. Most of them are based on a fuzzy inference engine via MATLAB, and one of them uses Visual Prolog 7.1 and JADE.
Anbasari et al. [11] proposed a genetic algorithm that determines the attributes that contribute to the diagnosis of heart ailments, thereby indirectly reducing the number of tests needed to be taken by a patient. Thirteen attributes were reduced to six through genetic search. However, three classifiers, namely, naive Bayes, classification by clustering and decision tree were used in predicting the diagnosis of patients with the same accuracy as that with 13 attributes. The classifier (data mining) was the main method in heart disease prediction. The researchers incorporated genetic search to enhance the prediction of classifiers and used Weka 3.6.0 tools to conduct their experiment. Taneja [12] described a classification model that sought to predict heart disease cases on the basis of patterns generated from the International Cardiovascular Hospital database. This study was conducted through two approaches. First, the data used for this study were collected from transthoracic echocardiography reports of patients; second, the classification models were developed on a sizable dataset. The researcher observed the system in real time to understand the business process of the hospital, and a Microsoft Word file was used for separate records of each patient, thereby integrating the data. A database with variables of interest was created, and the values of each variable were recorded into the new database.
Hussain et al. [13] proposed a fuzzy logic-based home healthcare system for chronic heart disease patients (in stable conditions) for out-of-hospital follow-up and monitoring. The study focused on health monitoring that provided 24/7 service. The authors efficiently used a wearable battery-powered sensor unit and designed a fuzzy scheme model to diagnose the health parameters of the patient.
Krishnaiah et al. [14] reviewed data mining algorithms used for predicting heart disease. The study aided future work in finding the optimal model by providing a fast and simple analysis of different prediction models in data mining. Their work indicated that data mining tools can answer trade questions that conventionally use much time in deciding, whereas fuzzy intelligent techniques increase the accuracy of heart disease prediction systems. However, the analysis showed that different technologies use different numbers of attributes in obtaining results. Different levels of accuracy depend on the tools used for implementation.
FUZZY LOGIC DESIGN AND IMPLEMENTATION
Fuzzy logic approach has been adopted in this study to estimate the health conditions of patients from their symptoms. There are four stages and seven steps involved in the implementation of fuzzy logic approach. The stages are fuzzification, fuzzy rule base, fuzzy inference engine and defuzzification. Table 1 summarises the stages and the corresponding steps. In this study, the data are obtained from UCI Machine Learning Repository: Heart Disease Data Set [15] . Four input parameters are considered as the patient's symptoms, namely, age, blood pressure, cholesterol and blood sugar. 
Fuzzification
In this study, the linguistic variable, linguistic value and range are defined based on the data obtained. The linguistic variables consist of two parameters, namely, input and output. The input variables are age of patients, blood pressure, cholesterol and blood sugar. The output variable is the presence of CHD. The range of linguistic variables is classified on the basis of the data analysed from an online dataset, namely, UCI Machine Learning Repository: Heart Disease Data Set; with the use of global range [1, 5, 11, [16] [17] [18] . The linguistic values and ranges for each of the linguistic variables are shown in Table 2 . 
Fuzzy Rule Base
In a fuzzy logic design, a knowledge base of rules is constructed to control the output variable. A fuzzy rule is a simple if-then rule, which has a condition and a conclusion. The rules are generated in the fuzzy rule base following the linguistics of the input and output variables. The rule base is an important component of the fuzzy inference engine. In addition, the fuzzy rules affect the quality of the results in a fuzzy system. A total of 96 if-then rules are constructed in this study. The rules were verified by experts from National University of Malaysia Medical Centre (UKMMC). Table 3 shows the sample of rules composed of input and output variables for CHD diagnosis.
Fuzzy Inference Engine
Fuzzy inference is the reasoning process to map the given input to an output using fuzzy logic. In this stage, rules evaluation is conducted by fuzzy set operation. The Mamdani approach is selected in this study for the inference process. Meanwhile, the AND operator is used to aggregate the output fuzzy set. The aggregation method is a process of combining all individual fuzzy outputs into a single fuzzy set.
Defuzzification
Defuzzification is a stage to convert the aggregated fuzzy output into the numerical output. In this research, the centre of gravity (COG) method is used for the defuzzification process [20] . COG method is defined as,
Table 3. Sample of fuzzy rules for CHD diagnosis system
Fuzzy IF-then Rules
IF p is Y and q is L and r is L and s is L THEN t is HL. 2. IF p is Y and q is L and r is L and s is H THEN t is MD. 3. IF p is Y and q is MD and r is H and s is H THEN t is SC. 4. IF p is MI and q is L and r is L and s is L THEN t is HL. 5. IF p is MI and q is L and r is MD and s is H THEN t is MD. 6. IF p is MI and q is L and r is H and s is H THEN t is SC. 7. IF p is O and q is L and r is L and s is L THEN t is HL. 8. IF p is O and q is L and r is L and s is H THEN t is MD. 9. IF p is O and q is MD and r is H and s is H THEN t is SC. 10. IF p is VO and q is L and r is L and s is L THEN t is HL. 1IF p is VO and q is L and r is H and s is H THEN t is MD. 12. IF p is VO and q is MD and r is L and s is H THEN t is SC.
Note: p -age, q -blood pressure, r -cholesterol, s -blood sugar, t -result, Y -young, MI -middle-aged, O -old, VOvery old, L -low, MD -medium, H -high, VH -very high, HL -healthy, SC -sick
Application using Java
The design of the CHD diagnosis system in this study is built and deployed using NetBeans IDE 8.2 in Java. The interface for the CHD diagnosis system is shown in Figure 2 . The system shows four empty text boxes for each of the input variables, in which the user must key in the details. After clicking the "diagnose" button, the range value of the result is displayed.
Then, the user refers to the range table provided to know the specific result. If the result is overlapping, then it can be counted as two results. The user must then obtain verification from a doctor. Table 4 . 
CONCLUSION
CHD is a major cause of death worldwide, including Malaysia.
This study proposed a heart disease diagnosis system that uses fuzzy logic to diagnose the presence of CHD, thereby helping patients in taking precautionary actions to prolong their lifespan.
The system addresses insufficiencies in analysis tools and the number of medical experts. Furthermore, rural communities lack medical specialists, and many young doctors are assigned to such communities. Therefore, the implementation of fuzzy logic is needed, especially considering advances in medical technology.
Moreover, the use of fuzzy logic for medical diagnosis provides a competent means to assist inexperienced physicians in diagnosing heart disease quickly and proficiently. Thus, probable complications can be diagnosed and predicted well. Primary prevention is also recommended, thereby promoting a healthy lifestyle and habits via increased awareness and prohibiting the development of any risk factors. If the proposed approach is used well, it can represent an effective technique for diagnosing heart disease. Additionally, the implementation of this system can assist doctors in obtaining accurate diagnoses when heart disease symptoms have an ambiguous relationship. The approach also reduces doctors' workloads during consultation.
The fuzzy logic method is considered to develop a heart disease diagnosis system because fuzzy logic method has the capability to operate from approximate reasoning and find an accurate solution. Fuzzy expert systems integrate elements of fuzzy logic, which is a logically consistent means of reasoning that can address the uncertainty, vagueness and imprecision inherent in medical diagnosis. The proposed system has 98% accuracy when evaluated using a collected database. In future work, a mobile app with pattern recognition and tools that can generate real-time data using users' thumbprints can be implemented to allow users to easily obtain data for the input variables.
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